DSN Test and Training System

H. C. Thorman
DSN Systems Engineering Office

Key characteristics of the Deep Space Network Test and Training System are
presented. Completion of Mark III-75 system implementation is reported. Plans
are summarized for upgrading the system to a Mark III-77 configuration to
support Deep Space Network preparations for the Mariner Jupiter/Saturn 1977
and Pioneer Venus 1978 missions. A general description of the Deep Space
Station, Ground Communications Facility, and Network Operations Control
Center functions that comprise the Deep Space Network Test and Training

System is also presented.

I. Introduction

A. Key Characteristics

The DSN Test and Training System is a multiple-
mission system which provides capabilities to prepare the
DSN for mission support. The key characteristics of the
system are listed below:

(1) Supports calibrations, readiness verification, and
fault isolation by providing composite signals for
input to other DSN systems.

(2) Supports DSN operational verification tests by
providing simulated telemetry, command, and radio
metric data patterns.

(3) Supports performance testing of DSN systems, Deep
Space Station (DSS) subsystems, and Network
Control subsystems by providing closed-loop valida-
tion.
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(4) Supports mission simulations by converting high-
speed and wideband bldcks of simulated telemetry
data into serial streams modulated onto subcarriers
and carriers; and by providing Command System
operation with dummy load.

(5) Operates without interfering with normal operation
of other DSN systems.

B. Mark 1lI-75 System Implementation

Reference 1 describes the Mark III-75 configuration of
the DSN Test and Training System, including incremental
upgrade requirements for Viking Mars test and training
support. The planned upgrade was completed in early
1975, as scheduled. The upgrade included implementation
of a new software program for the Simulation Conversion
Assembly (SCA) at all Deep Space Stations and new
equipment to provide three-spacecraft telemetry simula-
tion in the 64-m antenna subnet. The upgrade also



provided Network Operations Control Center capability
to exercise remote control of the SCA.

C. Mark 11l-77 System Requirements

Further upgrading of the DSN Test and Training
System to a Mark III-77 configuration (Fig. 1) is planned to
meet requirements for support of network preparations
for the Mariner Jupiter/Saturn 1977 (MJS’77) mission and
the Pioneer Venus 1978 (PV’78) mission. The preparations
for these missions include extensive implementation of
new minicomputers to replace the existing XDS-920
processors in the DSS Telemetry, Command, and Tracking
Subsystems.

The Mark II1-77 configuration will include the following
modifications and additions to the present system:

(1) Modification of the DSS Simulation Conversion
Assembly to provide capability for short-constraint-
length convolutional coding of simulated MJS’77
telemetry data and long-constraint-length convolu-
tional coding of simulated PV’78 telemetry data.

(2) Upgrade of program software for the XDS-910
processor, associated with the SCA, to provide
generation of MJS’77 and PV’78 frame-synchronized
telemetry test data and control of new SCA
equipment.

(3) Configuring of the DSS Communications Monitor
and Formatter backup minicomputer to provide the
System Performance Test Assembly functions of on-
site closed-loop performance testing and validation
of the Tracking, Telemetry, Command, and Monitor
and Control Systems.

(4) Implementation of the Network Control Test and
Training Subsystem in the Network Operations
Control Center.

(5) Implementation of the DSN Test and Training
System Control Console in the Network Operations
Control Center.

Implementation of items (1), (2), and (3) is to begin in
early 1976 and is to be completed at all Deep Space
Stations by the end of 1977. The station-by-station
schedule is such that all DSS Test and Training Subsystem
capabilities will be available to support testing of the new
data processing subsystems which are to be implemented
at each station.

Items (5) and (6) are scheduled for completion in the
first half of 1976 as part of the Block III implementation
of the Network Control System project (Ref. 2).

Il. Deep Space Station Functions
A. DSS Test and Training Subsystem
The functions of the DSS Test and Training Subsystem

and the related interfaces are shown in Fig. 2.

1. Telemetry Simulation and Conversion. The teleme-
try simulation and conversion functions are performed by
the Simulation Conversion Assembly, which is diagram-
med in detail in Fig. 3. The digital and analog capabilities
of the SCA are itemized in Tables 1 and 2, respectively.

2. System Performance Test Functions. The system
performance test functions are performed by the System
Performance Test Assembly (SPTA), which is diagrammed
in detail in Fig. 4.

B. Receiver-Exciter Subsystem

The Receiver-Exciter Subsystem provides the following
test and training functions:

(1) Generation of simulated S-band and X-band down-
link carriers.

(2) Modulation of telemetry subcarriers from the SCA
onto simulated carriers.

(3) Variable control of simulated downlink carrier
frequency to permit simulation of doppler shifts.

(4) Provision of a transmitter dummy load for Command
System test operations.

C. Antenna Microwave Subsystem

The Antenna Microwave Subsystem provides the
following test and training functions:

(1) Variable attenuation of simulated downlink carrier
signal level under control of the Simulation Conver-
sion Assembly.

(2) Routing of simulated downlink carriers to masers
and/or receivers.

(3) Mixing of simulated S-band downlink carriers.

D. Frequency and Timing Subsystem

The Frequency and Timing Subsystem provides the
following support functions to the DSS Test and Training
Subsystem:

(1) Reference frequencies inputted to the SCA.

(2) Time code and reference frequencies inputted to the
SPTA.

(3) Generation and distribution of a simulated time
signal which can be substituted for the true GMT
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input to the various DSS subsystems. This capability
is provided for realistic mission simulations in
support of flight project testing and training
activities.

ll. Ground Communications Facility
Functions
The DSN Test and Training System utilizes the Ground
Communications Facility Subsystems for communicating
data and information between the Network Operations

Control Center (NOCC) or any Mission Operations Center
(MOC) and the Deep Space Stations.

A. High-Speed Data Subsystem

The High-Speed Data
following:

Subsystem provides the

(1) Transmission of text messages, control messages,
low-to-medium-rate simulated telemetry data, and
simulated command data to any DSS from the
Network Operations Control Center or from any
Mission Operations Center.

(2) On-site loop-back of test data for systems perform-
ance testing and readiness verifications in the DSS.

B. Wideband Data Subsystem
The Wideband Data Subsystem provides the following:

(1) Transmission of simulated high-rate telemetry data
to the 64-m subnet, the Compatibility Test Area in
Pasadena, California, and STDN MIL-71 at Merritt
Island, Florida, from the NOCC or from any MOC
having wideband capability.

(2) On-site loop-back of test data for telemetry system
P y sy
performance testing and readiness verification in
those stations which have wideband capability.

C. Voice Subsystem

The Voice Subsystem provides operator-to-operator
communication of information for purposes of test
coordination and monitoring of the DSN Test and
Training System status.
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IV. Network Operations Control Center
Functions

A. Network Control Test and Training Subsystem

Planned functions and interfaces of the Network
Control Test and Training Subsystem are shown in Fig. 5.
Subsystem data flow details are further diagrammed in
Fig. 6.

1. Present Capabilities. Test and training capabilities
presently operational in the Network Operations Control
Center are as follows:

(1) Selection and output of stored data blocks from the
Block I Network Command Subsystem (XDS Sigma-
5) to the DSS for system readiness verification.

(2) Off-line generation of recordings of high-speed data
blocks for testing of the Block II real-time monitors
in the Network Control Tracking, Telemetry,
Command, and Monitor Subsystems.

(3) Selection and output of prepared Simulation Con-
version Assembly text and control messages to the
stations from the Block I XDS Sigma-5. This
capability provides remote configuration and control
of the Simulation Conversion Assembly for support
of DSN Operational Verification Tests conducted by
the Viking and Helios Network Operations Project
engineers.

2. Future Capabilities. Test and training functions (Fig.
6) to be implemented in the Network Operatiohs Control
Center in 1976 are as follows:

(1) Real-time generation of data patterns for testing of
the Network Control Tracking, Telemetry, Com-
mand, Monitor, Support, and Display Subsystems.

(2) Real-time generation of Simulation Conversion
Assembly text and control messages, simulated
telemetry data patterns, and simulated project
commands for transmission to the Deep Space
Stations.

B. DSN Test and Training System Controi Console

A DSN Test and Training System Control Console (see
Fig. 6) is scheduled for 1976 implementation in the
Network Data Processing Area. The console will provide
keyboards, a card reader, a magnetic tape unit, volatile
displays, and a character printer, so that operation of the
Test and Training System will be separate from the
operations of the other DSN Systems.
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Table 1. DSS simulation conversion assembly digital channel requirements

Capability

SCA-I
DSS 11, 12, 44, 62, MIL 71

SCA-II
DSS 14, 42/43,61/63, CTA 21

Maximum number of simultaneous data
streams

Bi-orthogonal (32, 6) comma-free block
coding

Short constraint length convolutional
coding(k =7,r = 1/20r 1/3)=

Long constraint length convolutional
coding (k = 82, r = 1/2)

Variable rate control

Selection of discrete rates

2 channels

Viking, 2 channels;
other missions, none

Rate = 1/2, 2 channels;2
rate = 1/83, 1 channel2

Helios, 1 channel;
Pioneer 10/11, 1 channel;
Pioneer Venus, 2 channels?

1 bit/s to 250 ksps on each of 2 channels

814, 3314 bits/s on each of 2 channels
(uncoded)

Viking prime mission, 6 channels;
Viking extended mission, 4 channels;
other missions, 3 channels

Viking, 3 channels;
other missions, none

Rate = 1/2, 3 channels;»
rate = 1/3, 2 channels?

Helios, 1 channel;
Pioneer 10/11, 1 channel;
Pioneer Venus, 3 channels2

1 bit/s to 250 ksps on each of 3 channels

814, 3314 bits/s on each of 3 channels
(uncoded)

aNew requirements to be implemented in DSN Mark III-77 Test and Training System.

Table 2. DSS simulation conversion assembly analog signal capabilities

Capability

SCA-I
DSS 11, 12, 44, 62, MIL 71

SCA-II
DSS 14, 42/43, 61/63, CTA 21

Data and subcarrier signal conditioning

Subcarrier frequency generation
Modulation-index angle control
Subcarrier mixing and downlink carrier

modulation

Downlink carrier signal level

Biphase modulation, 2 subcarriers

1 Hz to 10 MHz range

Controllable from 10 to 80 deg on each
subcarrier

Single or dual subcarriers onto each of 2
S-band carriers

Attenuation of 0 to 40 dB at output of each
test transmitter

Biphase modulation:
Viking prime mission, 6 subcarriers;
Viking extended mission, 4 subcarriers;
other missions, 3 subcarriers

1 Hz to 10 MHz range

Controllable from 10 to 80 deg on each
subcarrier

Single or dual subcarriers onto each of 3
S-band or X-band carriers

Attenuation of 0 to 40 dB at output of each
test transmitter
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DSS SUBSYSTEM

INTERFACES

RECEIVER- TELEMETRY SUBCARRIERS

EXCITER WITH SIMULATED DATA

ANTENNA COMPUTER CONTROL OF

MICROWAVE \  CARRIER ATTENUATION
DIGITAL STREAMS FOR BIT

TELEMETRY AND WORD ERROR RATES
TEST RESPONSES AND

TRACKING,

TELEMETRY . DATA VIA S5C

COMMAND

MONITOR TEST STANDARDS AND

LIMITS VIA SSC

TELEMETRY SIMULATION AND CONVERSION

GCF SUBSYSTEM
INTERFACES

FUNCTIONS:

® SIMULATE AND CONTROL DIGITAL TELEMETRY
DATA STREAMS

SCA TEXT MESSAGES
SCA CONTROL MESSAGES

SIMULATED TELEMETRY
FROM NOCC/MOC

=

® CONVERT BLOCK STREAMS TO SERIAL DATA HSD
STREAMS SCA STATUS AND ALARMS
7O NOCC/MOC
® GENERATE SUBCARRIERS AND CONTROL
SIGNAL CONDITIONING |
CONTROL CARRIER SIMULATED TELEMETRY
@ CONTROL CARRIER SIGNAL LEVEL ML MER ohE WeD
TEST COORDINATION BY
NOCC/MOC
VOICE
TEST STATUS TO
NOCC/MOC
SYSTEM PERFORMANCE TEST FUNCTIONS :
TEST RESPONSES FROM
® GENERATE TEST DATA BLOCKS DSS SUBSYSTEMS C’V%%AND
® VALIDATE DSS PERFORMANCE BY COMPARISON ;f,%gégm%' TO Dss LOOP-BACK
OF RESPONSES VS, STIMULI I
@ OUTPUT DISPLAYS AND PRINTOUTS OF TEST JAp————
RESULTS FROM NDPT
HSD AND
WBD

GCF TEST RESPONSES

TO NDPT

]

Fig. 2.

DSS Test and Training Subsystem functions and interfaces
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DSS INTERFACES

TEST CARRIER
SIGNAL LEVEL

SIMULATION CONVERSION ASSEMBLY

DIGITAL TELEMETRY SIMULATION

SCA CONTROL

® DATA STREAM GENERATION
® BLOCK CODING
o CONVOLUTIONAL CODING

® DATA RATE GENERATION AND
CONTROL

® CONVERSION OF DATA FROM
BUFFERS TO SERIAL STREAMS

o SELECTION OF MANUAL OR
COMPUTER CONTROL BY
FUNCTION

o EXECUTION OF INSTRUCTIONS
FROM LOCAL KEYBOARD

o EXECUTION OF INSTRUCTIONS
RECEIVED VIA HSD MESSAGES

o GENERATION OF STATUS
INFORMATION

o PRINTOUT OF STATUS AND
ALARMS

® PRINTOUT OF TEXT MESSAGES
FROM HSD

GCF INTERFACES

TEXT MESSAGES,
CONTROL
MESSAGES,
SIMULATED
LOW- TO
MEDIUM=RATE

TELEMETRY

HIGH-SPEED
DAT,
SCA STATUS o SUB?YSTEM

ANALOG TELEMETRY SIMULATION

HSD AND WBD INPUT AND OUTPUT

CONTROL TO
SIMULATION
VARIABLE
ATTENUATOR
ANTENNA ASSEMBLIES
MICROWAVE
SUBSYSTEM
MULT IPLE
SUBCARRIJERS WITH
DATA TO TEST
TRANSMITTERS OR
EXCITER AND TEST
RECEIVER- | TRANSLATORS
EXCITER
SUBSYSTEM
DATA REFERENCE
STREAMS FOR BER,
CER, WER TO
SYMBOL SYN-
CHRONIZER
TELEMETRY | ASSEMBLIES
SUBSYSTEM
REFERENCE
FREQUENCY FREQUENCIES
AND TIMING
SUBSYSTEM
12

e BIPHASE MODULATION OF DATA
TO SUBCARRIERS

® SUBCARRIER FREQUENCY
GENERATION

® MODULATION=-INDEX CONTROL
@ SUBCARRIER MIXING
@ CARRIER SIGNAL LEVEL CONTROL

e DETECTION AND PROCESSING
OF HSD AND WBD BLOCKS

e EXTRACTION AND ROUTING OF
DATA TO BUFFERS

® EXTRACTION AND ROUTING OF
CONTROL AND TEXT MESSAGES

o OUTPUT OF STATUS
INFORMATION VIA HSD BLOCKS

Fig. 3. Simulation conversion assembly functions and data flow

SIMULATED

HIGH~RATE

TELEMETRY WIDEBAND
DATA
SUBSYSTEM
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DSS INTERFACES TEST INPUTS GCF INTERFACES
AND
RESPONSES
10 A?\,'\é EROM TEST INPUTS AND RESPONSES VIA GCE HSD
ANTENNA DSS MONITOR | DIS HIGH-SPEED]
MICROWAVE AND CONTROU DATA
SUBSYSTEM SUBSYSTEM HSD BLOCKS |suBSysTEM
TEST INPUTS
AND
RESPONSES SYSTEM PERFOR TEST ASSEMBL
To AND FROM | & TEM PERFORMANCE TEST ASSEMBLY
TRACKING | MDA 3 DATA GENERATION VALIDATION
SUBSYSTEM = TEST STANDARDS AND ® VERIFY RESPONSES TO
TEST INPUTS CZ, LIMITS FOR DIS, MDA, STANDARDS AND LIMITS
! 9 CPA, TPA MESSA GES
AND lan]
RECEIVER- RESPONSES 5 TEXT FOR DIS @ VERIFY RADIO METRIC
EXCITER TOAND FROM | & TRACKING SUBSYSTEM DATA PARAMETERS SCA
SUBSYSTEM COMMAND & CONTROL DATA ® VERIFY COMMAND STATUS
SUBSYSTEM o« ACKNOWLEDGEMENTS,
STANDARDS < SIMULATED COMMANDS CONFRRMS, ABORTS
S DiDARDS = AND QUERIES
10 Tea  Ow- SCA CONTROL ® VERIFY TELEMETRY DATA
7O MEDIUM- MESSAGES CONTENT
RATE TLM SCA TEST DATA
TELEMETRY | _FROM TPA
ELEMETRY, ODR RECALL REQUESTS
WBD
BLOCKS
OUTPUT AND INPUT DISPLAY AND RECORDING 1
FORMAT AND TRANSMIT| 1@ DISPLAY OPERATOR
BLOCKS TO SSC, HSD, ENTRY INFORMATION WIDEBAND |
AND WBD ® PRINT TEST RESULTS DATA EM?
TIME SIGNALS AND SDSEEECJSSNRNREDC\EV'B‘{)E e PRINT DATA BLOCK
REFERENCE FRE-  meremeeetnd ke DUMPS
QUENCIES FROM FTS ® RECORD OUTPUT DATA
® RECORD INPUT DATA
MULTIPLE HIGH=-RATE TELEMETRY FROM TPA IN WBD BLOCKS
TELEMETRY
STREAMS AND SCA CONTROL AND SIMULATED LOW~ TO MEDIUM-RATE TELEMETRY IN HSD BLOCKS
SUBCARRIERS ZIAAS\L/AEPSCIJC;\IN
ASSEMBLY SIMULATED HIGH-RATE TELEMETRY IN WBD BLOCKS

Fig. 4. System performance test assembly functions and data flow
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TO/FROM
NC SUBSYSTEMS

TO/FROM

DSS SUBSYSTEMS
VIA HSD AND
WBD SUBSYSTEMS

THROUGH DSS
AND/OR NOCC
TO ANALYSIS
PROCESSOR

14

|
DSS AND SPACECRAFT
SIMULATIOIN

TRACKING PREDICTS
COMMAND MESSAGES

MONITOR AND CONTROL
MESSAGES

TRACKING DATA PATTERNSY
TELEMETRY DATA PATTERNS

SIMULATED COMMAND
SYSTEM DATA

SIMULATED MONITOR AND
CONTROL DATA

NC AND SPACECRAFT
SIMULATION
1

SCA CONTROL AND TEXT
MESSAGES

TELEMETRY DATA PATTERNS

SIMULATED COMMAND
MESSAGES N

¥ COMMAND SYSTEM DATA

MONITOR AND CONTROL

DATA
I

DSN DIAGNOSIS

|

SPECIAL PATTERNS

FUNCTIONS:

® GENERATE AND CONTROL SIMULATED
DATA TO SUPPORT DEVELOPMENT,
TEST, TRAINING, AND FAULT
ISOLATION

® DSS AND SPACECRAFT DATA
STREAMS TO EXERCISE NC
SUBSYSTEMS

® NC AND SPACECRAFT DATA
STREAMS TO EXERCISE DSS AND
GCF SUBSYSTEMS

® SPECIAL DATA PATTERNS FOR
DSN DIAGNOSIS

® PARTICIPATE IN MISSION SIMULATION
WITH PROJECT

® CONTROL DATA FLOW WITHIN
DSN TO SUPPORT MISSION TEST
AND TRAINING SIMULATION

® GENERATE SIMULATED DSN DATA
TO SUPPLEMENT PROJECT
SIMULATION DATA

CONTROL PARAMETERS

DISPLAY AND
CONTROL RESPONSE

SUPPORT REQUESTS

SYSTEM STATUS

TEST COORDINATION

TEST CONTROL

Fig. 5. NC Test and Training Subsystem functions and interface—s

DSN TEST
AND
TRAINING
SYSTEM
CONTROL
CONSOLE

NETWORK
OPERATIONS
CONTROL
AREA

MISSION
OPERATIONS
CENTER
SIMULATION
CONTROL
AREA
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DSN TEST AND TRAINING SYSTEM CONTROL CONSOLE
@ CARD READER PRINTS AND
CONTROLS ® {/O TYPEWRITER DISPLAYS
® KEYBOARDS WITH VOLATILE DISPLAYS
® HARD COPY ATTACHMENTS
® LINE PRINTER
NETWORK CONTROL TEST AND TRAINING SUBSYSTEM
OO0 SIMULATION DATA m-
GENERATION eoee
INTERVAL TIMING AND GMT AND/OR FORMATTING T&T SYSTEM STATUS DATA
@ TRACKING ST AND
® TELEMETRY %A,N,NG
:ICG:A—IS\IP!EIEEESDATA DATA INPUT © COMMAND OU'T)PUT AND zlé;:;if:e;—smm
e MONITOR DISPLAY
@ SCA CONTROL
Shighcore i
G Qeoo ® DATA BLOCK TEXT
CONTROLS:
TIME CONTROL
CONFIGURATION SELECTIONS PERFORMANCE

DATA MODIFICATION INITIALIZATION
AND
RECOVERY

FILE

DATA STREAM SELECTIONS
REFERENCE DATA CONTROL

SCA CONFIGURATION CONTROL
OUTPUT SELECTION

DISPLAY SELECTION

@OEOEEOO

Fig. 6. NC Test and Training Subsystem data flow
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